The attentional focus adopted during the execution of a skilled motor action can have a profound effect on performance outcomes. Furthermore, it has been proposed that an "inward" shift in the focus of attention may be one of the primary causes of "choking under pressure." But how does attention have its effect on performance? In particular, how does changing one's focus of attention change movement during skill execution? Here, I highlight recent research reporting four different types of movement effects that have been linked to attention: movement variability, multi-joint coordination, movement economy, and motor-control strategy. Understanding the effects of attention and pressure at the level of kinematics/muscle activity is crucial for developing a comprehensive theoretical account of skilled motor action. It is also of great practical value as it identifies specific execution errors that can be addressed in practice.
Introduction
What should an athlete focus their attention on during a game or performance? Should they focus on the movements involved in skill execution-for instance, a baseball batter paying attention to the speed of his or her bat movement or a golfer focusing on the angle of the putter head? Or should an athlete focus on something in the outside environment, such as a voice in the crowd or the locations of other players on a field? Previous research has shown that what an athlete focuses attention on during skill execution can have dramatic effects on performance, with the nature of the effect depending on skill level (Wulf & Prinz, 2001) .
A common methodology used to study the role of attention in sports performance involves having an athlete perform a secondary task and a sports skill simultaneously. The secondary tasks can be designed to either direct attention toward movement execution (e.g., making a judgment about the speed of a bat or club) or away from it (e.g., making a judgment about irrelevant auditory stimuli). Experiments using this approach (e.g., Gray, 2004) have shown that for experts, focusing attention on movement execution leads to worse performance outcomes (e.g., fewer hits or successful putts) while, for less skilled performers, directing attention away from skill execution degrades performance.
There is also evidence that changes in the attentional focus may be one of the primary causes of "choking under pressure" (e.g., missing a short putt to win a golf tournament). It has been proposed that high-pressure situations prompt skilled performers to shift their attention inward so that the focus is on movement execution-the constrained action hypothesis proposed by Wulf and colleagues (reviewed in Wulf & Prinz, 2001 ) and the reinvestment theory proposed by Masters (1992) .
1 This inward attentional shift is thought to harm performance because actions that were formerly controlled by highly efficient and automatic motor programs (i.e., motor memory) are now controlled by explicit (conscious) attentional processes, which are known to be slow and error prone. In support of these theories, a performer's knowledge about his or her movement execution (when asked to make a judgment after the movement is completed) is significantly more accurate under pressure conditions (Gray, 2004) , indicating that pressure induces an inward shift in attention similar to that produced by the skill-focused secondary tasks described above.
How then does attention have its effect on performance outcomes? In particular, how does changing one's focus of attention change movement during skill execution? Previous
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Gray research in this area has primarily focused on the effects of attention and/or pressure on performance outcomes. While performance effects are obviously the most immediate concern of an athlete or coach, movement effects may provide a more reliable and direct index. Anyone who has participated regularly in sports knows that good execution does not always lead to a successful outcome (and poor execution does not always lead to failure). Many additional variables (e.g., the reactions of opponents and environmental conditions) determine whether the execution of a sports skill will be successful. Therefore, measurement of movement effects (which are more directly influenced by attention than performance effects are) is key to developing a theoretical account of skilled motor action. It is also of practical importance. Identifying problems at the level of movement execution will improve the ability of a coach to help an athlete remedy performance failures. One can only get so far by instructing a performer to "stop trying too hard" when faced with a pressure situation.
It is only recently that researchers have both explicitly manipulated performers' attentional focus (via instruction, secondary tasks, or pressure) and measured the impact on the quality of movement. This article is a review of the early research on this topic, with a focus on four types of movement effects that have been observed: changes in movement variability, changes in multi-joint coordination, changes in movement economy, and changes in motor-control strategy.
Changes in Movement Variability
One of the primary changes in movement that one might expect to observe as a function of shifts in the focus of attention is changes in the consistency of movements produced during execution of a skill. A characteristic of the automatic, proceduralized processes thought to be involved in expertlevel performance is the ability to produce movements with very low variability from trial to trial. When a performer shifts control from encapsulated and automatic procedures to stepby-step cognitive control, an increase in movement variability should occur.
I (Gray, 2004 ) measured the batting kinematics of skilled baseball players performing a simulated hitting task under baseline and pressure conditions (in which there were monetary incentives and social pressures to perform well). Relative to baseline performance, baseball players had fewer hits under pressure. In terms of batting kinematics (shown in Fig. 1 ), batters also exhibited an increased amount of variability in the timing of the different stages of their swing under pressure as compared to baseline conditions. Why might kinematic variability increase under performance stress? I (Gray, 2004 ) also found that skilled batters were better able to monitor the direction their bat was moving under pressure as compared to in baseline conditionssuggesting they were attending more to the step-by-step components of execution under high-pressure as compared to lowpressure conditions. If increased attention to well-learned execution opens up the opportunity to fine-tune and adjust the execution of one's skill in a way one might not normally do, this could lead to increased kinematic variability. Cooke, Kavussanu, McIntyre, and Ring (2010) recently reported a similar finding in a study using novice golfers. Under pressure conditions, there was an increase in the lateral acceleration of the putter head during the downward movement of the putter, which leads to an associated increase in the variability of the putter face angle at the point of contact.
Changes in Multi-Joint Coordination
Another movement effect that has been found to be related to attention is the coordination between joints during complex movements. When we first learn to perform a complex motor task like throwing a ball, there are innumerable possible ways the action could be coordinated, because each joint involved (e.g., the wrist, elbow, shoulder, etc.) has multiple degrees of freedom (df) . As a solution to this df problem, Bernstein (1967) suggested that novice performers may "freeze" the df by keeping some joints rigidly locked in place and/or by tightly coupling the movements of different joints. With practice, performers will begin to "unfreeze" the rigid couplings between parts of the body to allow for more flexible movement control. Bernstein further proposed that under conditions of high stress, expert performers may revert to the novice freezing strategy in order to reduce the complexity of the task.
Recently, evidence has been provided to support Bernstein's account of the biomechanical changes associated with performance stress. Pijpers, Oudejans, Holsheimer, and Bakker (2003) investigated the effects of anxiety on the movement behavior of novice rock climbers. Anxiety was manipulated by having participants climb at two different heights on an indoor climbing wall. Consistent with a freezing df theory, when climbing high on the wall, participants exhibited movements that were more rigid and less fluent than they did when climbing at the low level on the wall.
Related results have also been found in experiments in which the performer's focus of attention is altered via instruction. Lohse, Sherwood, and Healy (2010) used a dart-throwing task and measured the variability of the shoulder and elbow joint angles. Participants encouraged to focus their attention on skill execution (i.e., the foci that is adopted by many performers under pressure) showed significantly lower joint angle variability than did participants who were encouraged to focus their attention externally (i.e., the dart board). Throwing accuracy was also significantly greater in the external-focus condition.
On the surface, these findings on multi-joint coordination, in which movements become more rigid and less variable when attention is self-focused, seem to contradict the findings described earlier that show increased movement variability. However, Beilock and Gray (2007) have argued that both of these effects represent a temporary regression to a lower skill level (associated with an earlier stage of skill acquisition) brought on by an increase in explicit monitoring of the motor action. Whether increased or decreased movement variability is observed will depend on what aspect of the movement is being measured and whether the variability in movement is functional. In baseball batting, it has been shown that a high degree of variability in timing between the different stages of a baseball swing hurts performance by interrupting the kinetic link (Gray, 2002) , and indeed it is a characteristic of novice performance. Similarly, in Cooke et al.'s (2010) study, a high degree of variability in the putter-head angle at contact leads to performance errors (i.e., "pushing" and "pulling" putts). Conversely, for other actions, movement variability can be functional, as it serves to preserve the movement outcome in response to variations in the initiation and/or early stages of a skill. For example, long jumpers free to flexibly vary the length of the final few strides of their run-ups (resulting in high variability across trials) can successfully hit a take-off board despite any variations in the initial part of the action (Lee, Lishman, & Thompson, 1982) .
Changes in Movement Economy
The effect of attention on movement has also been measured using electromyography (EMG). Zachary, Wulf, Mercer, and Bezodis (2005) measured EMG activity during the performance of basketball free throws. When participants adopted Gray an external focus of attention (the basket), shot accuracy was greater and there was a reduction in integrated EMG activity in both the biceps and triceps as compared to performance in an internal-focus condition (wrist movement). The decrease in EMG activity in the external-focus condition can be interpreted as an improvement in movement economy, because less activity is being used to produce a more successful movement. Lohse et al. (2010) reported a similar finding in the dartthrowing experiment described earlier. Throwing accuracy was significantly higher and EMG activity in the tricep muscles was significantly less in the external-focus condition than in the internal-focus condition. Pressure has also been shown to influence economy of movement. Coombes, Higgins, Gamble, Cauraugh, and Janelle (2009) reported that under conditions of anxiety, muscle activity increases and movements are produced with more force (leading to a decrease in movement economy) as a result of increased excitability of the corticospinal tract.
Changes in Motor-Control Strategy
A final type of movement effect that has been linked to attention involves changes in the motor-control strategy used during skill execution. Consider how a golfer successfully putts from different distances on the green. One possible control strategy is to alter the force at putter-ball contact by varying the length (or amplitude) of the putting stroke. An alternative strategy is to use the same stroke amplitude for each putt but vary the stroke velocity, increasing the velocity for larger distances. Research examining putting kinematics has shown that the patterns of movement observed for expert golfers are highly consistent with the former strategy (downswing amplitude variation) while the patterns of movement observed for novice golfers are more consistent with the latter strategy (Delay, Nougier, Orliaguet, & Coello, 1997) .
Beilock and Gray (in press) investigated how these puttingcontrol strategies are influenced by shifts in a putter's attentional focus. In a first experiment, attentional control was manipulated via two different secondary tasks: There was a dual-task condition, in which participants judged the frequency of a tone presented during their stroke, and a skillfocused condition, in which participants judged whether the tone occurred closer to the starting or end point of the segment of the stroke in which the tone was presented. As shown in Figure 2A , for experts, putting performance was least accurate in the skill-focused condition. As shown in Figure 2B , this decline in accuracy was significantly mediated by a reduction in the strength of the relationship between stroke amplitude and distance (and a significant increase in the strength of the relationship between stroke velocity and distance, not shown). In other words, when attention was directed to execution of the skill, experts switched to using the novice motor-control strategy for putting from different distances.
In a second experiment, attentional control was manipulated by introducing the possibility that participants would stop their swing midstroke in response to an auditory signal, thus pushing them to exert added control over step-by-step execution. Stop trials were interleaved with normal-putting trials. Relative to baseline performance, expert golfers putted significantly worse on the interleaved normal putts than novices did. Again, this decline in performance was mediated by a change in the motor-control strategy: The strength of the relationship between downswing amplitude and putting distance decreased for interleaved trials, whereas the strength of the relationship between swing velocity and distance increased. Beilock and Gray proposed that having to stop the putter on some trials induced an "attentional spillover" effect whereby the focus of attention was shifted to skill execution (which is known to harm expert performance) during nonstop trials.
Summary and Conclusions
Recent research has reported several movement effects that occur as a result of shifts in the attentional focus induced by instruction, dual-task conditions, and/or performance pressure. When a performer shifts his or her attention "inward" to the execution of movement, there is an associated change in movement variability (either an increase or decrease depending on the aspect of movement being measured), an increase in the cross-correlation between movements of multiple joints indicative of increased rigidity, a decrease in economy of the movement (i.e., the ratio energy/output), and a change in motor-control strategy. All of these effects are consistent with a regression to an earlier (novice) stage of skill acquisition involving step-by-step declarative processes and freezing of df in movement. It will be interesting for future research to investigate further connections between effects that have been typically labeled as "cognitive" or "attentional" and movementrelated effects. It is only by linking these multiple levels of analysis that a complete theoretical account of skilled performance can be developed. It will also be important for future research to investigate the relationship between attentional focus and movement under more ecologically valid conditions, as it has been recently suggested that attentional effects observed in the lab may not be indicative of attention control during actual sports competition (Oudejans, Kuijpers, Kooiman, & Bakker, 2011) . On a practical level, these findings are important because they identify specific aspects of movement execution that a coach and struggling performer can address during practice. Previous "choking under pressure" interventions have primarily focused on what happens long before the stressful event occurs-for example, using videotaping during practice (Beilock & Carr, 2001) or reducing the amount of explicit knowledge used during acquisition of a skill (Masters, 1992) . The experiments described here identify specific aspects of performance (e.g., the club head angle in putting, the rigidity of joint movements in climbing, or increased muscle force in throwing) that could be addressed with training to correct the performance of an athlete who has recently failed under pressure or is in a performance slump (Gray, 2004) and/or to prevent choking in the future. For example, if the force of a golfer's grip increases under pressure conditions, a coach could use analogy instructions (e.g., "imagine you have an open tube of toothpaste between your hands and the contents must not be pushed out") to both address the specific biomechanical problem and shift attention away from skill execution.
